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Abstract: The alteration of ultrabasic rocks in hydrothermal fields plays a critical role in regulating regional geochemical cycles and mineral
evolution. However, the detailed processes and mechanisms governing such alteration remain poorly understood. We investigated ultrabasic
rocks collected from various locations in the Tianxiu hydrothermal field in the northwestern Indian Ocean. By integrating analysis results in
petrography, whole-rock geochemistry, and electron micro-probing, the petrochemical and mineralogical features were clarified and the
evolution of the rock alteration was reconstruct. Results indicate that the ultrabasic rocks in the hydrothermal field had undergone extensive
alteration. The dominant secondary mineral assemblage includes serpentine minerals (antigorite, chrysotile, and lizardite), accompanied by
magnetite, chlorite, iddingsite, calcite, and other alteration products. The alteration history could be divided into two stages. In Stage I, olivine
and pyroxene experienced typical serpentinization under relatively closed-system conditions; in Stage II, olivine subsequently underwent
iddingsitization in an open ad oxidizing environment. During the serpentinization, substantial Fe and Ca were mobilized and enriched in the
secondary minerals such as magnetite and carbonate, suggesting that the original olivine was completely replaced by high-Mg serpentine. In the

later iddingsitization stage, Fe enrichment along with Si and Mg mobilization played a catalytic role in the formation and evolution of iddingsite
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and associated iron oxides. These findings reveal a complex and multi-stage alteration history of deep-sea peridotites in the Tianxiu

hydrothermal field and provide valuable insights into mineral transformation mechanisms and element mobility in such settings.

Key words: abyssal peridotite; serpentinization; iddingsitization; Tianxiu hydrothermal field
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Fig.1 The topographic map of the research area and the
schematic diagram of the sampling sites
Green solid dots are sampling sites, the red triangle shows the high-

temperature hydrothermal nozzle.
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Fig.2 The ultrabasic rock samples collected from the hydrothermal zone of Tianxiu (The DY 72 voyage)

The surface of JL213U appears light green-yellowish brown-red. The surface of JL214U appears red-black. The surface of JL215U appears black-dark green-

red yellowish brown.
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Fig.3 Optical microscope images of original and secondary minerals in altered peridotite

a: A single polarized light photo of JL214U. Spinel appears dark reddish-brown under single polarized light and is completely extinguished under orthogonal

microscopy. Its mineral boundaries are slightly rough and often appear in a vermicular form, coexisting with clinopyroxene (which has been completely

replaced by serpentine in the picture); b: Photos of the surface layer of JL215U and iddingsite under orthogonally polarized light; ¢: In JL214U, under single

polarized light, the cleavage structure of olivine serpentinized development, magnetite filled in the formed fissures; d: In JL214U, under single polarized light,

the fissure of pyroxene serpentinization development was filled by later fluid to form calcite veins.

Serp: serpentine; Spl: spinel; Idd: iddingsite; Mgt: magnetite; Cal: calcite.
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Fig.4 SEM morphological photos of different types of serpentine

a: Plate-shaped serpentine, approximately 1 to 2 pm in thickness taken from the inner layer of JL213U; b: Fibrous serpentine in diameter of approximately

0.2 um taken from the inner layer of JL213U; c: Short columnar polygonal serpentine in diameter of approximately 0.2 pm and length of 0.4~1 pum taken from

the inner layer of JL213U; d: Petal-shaped serpentine taken from the inner layer of JL215U.
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Table 1 Chemical composition analysis of the metamorphic ultrabasic rocks %
GEau Sio, TiO, ALO; "Fe,04 MnO MgO Ca0 Na,O K,0 P,0s LOI it
JL213U 38.93 0.007 0.48 7.90 0.04 37.53 0.09 0.15 0.033 0.020 14.39 99.56
JL214U 38.33 0.021 1.03 8.30 0.08 38.11 0.07 0.12 0.019 0.017 12.99 99.08
JL215U 32.23 0.003 0.33 27.87 0.12 18.99 0.14 0.62 0.204 0.076 18.44 99.01
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Fig.5 The correlation of major elements in the peridotite
The Tianxiu data are the sample data for this study. The ODP Leg 209 (Sites 1268, 1270, 1271, 1272, 1274) data are taken from Paulick et al.*\. The data of
deep-sea olivine samples from ODP Leg 304, 305 (Site 1309) are taken from Delacour et al.*. ODP Leg 209, 304, 305 are deep-sea olivine samples distributed

along the Mid-Atlantic Ridge. The global deep-sea olivine trawl sample (Global trend) data are taken from Niu®".
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I S b e B e DL BRI AR, 25 5 A M ST
WEFE, DX — I T A R AR 58 2 e 8o ik
Feah B IS T T A e S B0 .

BT A MO A ZE AR A ALK AR 25 T
FRAY, B & & FeO. ALO; M /K& ¥ (hnZh
Y. RERETEE), T MgO & i RN, %
2 R FeO B4 A BRBT ), MgO B

PE— W B ol 2, CaO il ALO, A B R A2 AR AR FH
MimgA EFCY, PR, JL215U 4 AE R IH I T
A SRR SCA I E A AR TR, BT
BIF IR G 5% A AL BE B nl BB Y U A OB AR
i

AN, FE S TE Si0,~FeO-MgO = JtId |- iy 43 1i
48 7% T 2 AR S ) ) ok A i ks 34, R T
YITE e — AR 2 AR R BT 28 I 1 25 S Ak M R Ak 2 B
o318 A8 B AR (I 6c) o FF i JL213U 5 JL214U 1E
Si0,~FeO-MgO — Jt [ i 3= 22 4 i F 5 MgO( 24
45%~52%) . 1% FeO( <8%) . SiO, ¥ % 43 i IX., M
Ak T a0 R E BN (M s R AR e ac ) o
XARITTR A A T LU A1 o 3 00 S5 78 A X
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Table 2 Major element composition of representative minerals in altered peridotite %
Atg Ctl Spl Mgt Chl Idd
ke
JL213U  JL214U JL213U  JL214U JL213U  JL214U JL213U  JL214U JL213U  JL214U  JL215U JL215U
SiO, 36.9 373 43.1 42.8 0.010 0.057 2.22 1.61 30.9 32.0 333 33.8
TiO, 0.069 0 0.060 0.058 0.176 0.397 0.026 0.101 0.011 0.115 0 0.006
Al,04 1.29 1.33 0.246 0.154 34.6 11.7 0.057 0.016 16.6 15.3 12.1 0.358
K,0 0.007 0.030 0.011 0 0.04 0.018 0.005 0 0.057 0.018 0.033 0.230
P,04 0 0 0.009 0.063 0 0 0 0.023 0.036 0 0.052 0.624
MnO 0.013 0.085 0.033 0 0.155 0.553 0.045 0.065 0.025 0 0.092 0.037
FeO 3.72 3.20 3.67 1.43 14.1 32.0 88.2 89.1 2.79 3.04 11.4 36.7
MgO 33.1 353 39.9 42.6 15.6 5.15 2.46 1.9 33.0 33.9 28.9 18.4
Cr,04 1.07 0 0.013 0.011 33.8 48.6 0.038 0.080 1.52 1.24 0.076 0.012
CaO 0.002 0.161 0.058 0 0.003 0 0 0 0.028 0.027 0.063 0.892
Na,O 0.108 0.059 0 0 0.006 0.035 0.020 0.004 0.023 0.014 0.068 0.133
NiO 0.153 0.101 0.229 0.391 0.179 0.037 0.146 0.211 0.218 0.234 0.007 0.035
St 76.5 71.5 87.3 87.6 98.7 98.6 93.2 93.2 85.2 859 86.1 91.2

W Atg: MHEESUH; CH: £FE40H s Spl: Rimfas

Mgt: Bi4kH™; Chl: G f; 1dd: 1 f.
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Fig.6 The covariation of olivine alteration MgO-FeO and pyroxene alteration Mg-CaO, and the SiO,-FeO-MgO ternary diagram for

serpentine group minerals ©**!
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Lz: lizardite Area.
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